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In the end, because of the corruption
of state police, Al Capone wasn’t
arrested for robbery and murder, he
was jailed on federal charges of
income tax evasion. It goes to show
that sometimes things that are not
obvious, and are technical in nature,
are needed to bring about a downfall.
In 1988, Jacque Benveniste
published a paper describing the
activity of homeopathic preparations
that had been diluted so much that
there were no molecules of the active
ingredient remaining (Nature 1988,
333:816-818). This paper was
eventually shot down not because it
violated fundamental laws of
chemistry and physics, but largely
because of statistical analysis of
errors.
Benveniste’s experiments
involved counting the number of
basophils in microscope fields, a
procedure that, when repeated on
the same sample, should give a
Poissonian distribution. The
variation between triplicate samples
should therefore have roughly
equalled the mean of the number of
basophils counted, and the standard
deviation should have been the
square root of that. The fact that the
data had much smaller deviations
than could have been expected gave
a strong indication that there was
(probably unconscious) observer bias
in the generation of the data.
To draw an analogy, if someone
reported tossing a coin a hundred
times on ten separate occasions and
always got 50 heads and 50 tails, and
never, say 48 heads and 52 tails, we
would be suspicious that the coins
were not tossed in a fair manner.
Errors are to be expected, and we
even calculate how big they should
be.
It seems that knowledge of how
to use and interpret errors is in
decline. I put most of the blame on
the rise of molecular biology. In a
bygone era, before molecular biology
was the king of the life sciences,
immunology was the fashionable
thing to study. In the 1970s, for
instance, error bars were pretty much
de riguer, and essential to any good
immunology paper. Why, who would
believe in such obscure things as
suppressor T cells, IJ restriction,
contra-suppressor T cells and
Network Theory without the
comfort of error bars, silently
attesting to their significance and
veracity?
It seems that knowledge of how
to use and interpret errors is in
decline
When the molecular biologists came
along with their bands-on-gels and
sequences and so forth they saw no
need for error bars, and so they fell
into disuse.
Now that sequencing is
automated and whole genomes have
been cloned, there has been a
resurgence in the use of the error bar.
Computer software applications can
easily add error bars all over the
place at the push of a button. If you
pick up a current edition of any
biological journal and flick through
the pages you’ll see error bars in
abundance. (Why not take a peek at
the papers in the back of this
volume?) Although the error bars
look genuine, often they are mere
facades; imposters pretending to be
the real thing. Half the time the
legends won’t tell you if they depict
standard errors or standard
deviations. Often they will say they
are one, but inspection shows they
must be the other. In most cases,
when means and errors are shown,
they don’t derive from repeated
experiments, but merely from
replicate wells or samples. Therefore
they don’t indicate the
reproducibility of the results, but
rather the reproducibility of
pipetting. Or they’ll show
‘mean ± SD of 2 experiments’. How
they get past the reviewers and the
editors is a puzzle. 
So, I hear you say, does any of
this matter? When a recent paper
(Nat Cell Biol 2000, 2:318-325) was
criticised for being incompatible with
the laws of thermodynamics, the
authors defended their paper
claiming ‘Our values… are not (and
were not claimed to be) calibrated
with sufficient absolute accuracy to
justify rigorous comparison… we
therefore strongly suggest that our
estimates of pH and Vm are most
appropriately used as qualitative
indications of net changes, rather
than for calculating absolute free
energies.’ In other words, their critics
had made the foolish mistake of
actually believing the quantitative
data. 
Editors could easily improve the
situation simply by refusing to
publish papers with inadequately
described errors. Jacque Benveniste
has gone on to win not one but two
Ig Nobel prizes. Enough is enough.
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My Word: David L. Vaux believes it is time researchers and editors
took the interpretation and presentation of errors in results published
in papers more seriously. 
